Abstract-The focus of this work is on multi-antenna systems with arbitrary antenna array architectures. First, we propose a multi-antenna channel model that encompasses many of the existing models and study the capacity of such systems. We show that capacity is achieved by pre-nulling the input signals along the transmit array manifold with a transmit-SN R dependent rank and power control. The rank of the optimal signaling scheme is monotonically non-decreasing as SNR increases. Thus our results generalize many known results in this area. Further, we compute two explicit SNR values, plow below which rank-1 signaling and Phigh above which full-rank signaling are nearoptimal, respectively. Finally, with a focus on low-complexity scalar signaling schemes, we propose a sub-optimal beamforming approach that minimizes the statistical feedback necessary to implement such schemes. While almost all works in this area assume a genie-aided statistics acquisition process, we show that the proposed scheme trades-off performance with statistical feedback overhead attractively.
I. INTRODUCTION
It is well-known that multiple antennas at the transmitter and the receiver can lead to substantial capacity gains over single antenna communication systems. While initial results in this area focussed on rich multipath modeled by channels with independent and identically distributed (i.i.d.) entries, realizing such gains in practice is critically dependent on realistic channel modeling followed by a performance analysis with low-complexity signaling schemes. We refer the reader to [1] for a summary of work in this area.
II. SYSTEM MODEL Our focus in this paper is on a multi-antenna communication system with Nt transmitters and Nr receivers and the following system equation: 0}, that is, the essential rank of Hang as seen from the transmitter. This result is well-known from the work in [8] . Thus, Propositions 1 and 2 provide the natural extension of these results to arbitrary array geometries. Further, in the unitary case, Phigh has also been characterized in [9] up to an 0(1) factor.
IV. SUB-OPTIMAL BEAMFORMING STRATEGIES
In this section, we assume that we operate in the low-SNR regime, p < Plow. Thus, the focus here is on the optimal beamforming scheme. Further, for any SNR, p C (Plow, Phigh), while the rank of the optimal signaling scheme satisfies 1 < The following results characterize the average mutual information of the optimal beamforming scheme and the suboptimal scheme, both with statistical feedback (as described above 
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On the other hand, for any fixed scattering environment, deave pending on if B < Bmin (corresponding to that environment), the sub-optimal scheme can lead to a higher throughput than the optimal' scheme. However, more important is the behavior of the optimal scheme in response to change in channel Dt [k])V* [1, k] 2 statistics (possibly due to mobility in practical situations).
-i(Rt))2
Cor. 1 establishes that the low-SNR optimal beamforming scheme is very sensitive to feedback in this regime and suffers a worst-case relative distortion on the order of 2 B. In the the main state-small-B regime, this relative loss could be significantly larger than that incurred by the sub-optimal scheme (with feedback). inel statistics, the Thus, from a robustness perspective, the sub-optimal scheme f the sub-optimal can perform much better than the optimal scheme in practice.
The advantage of the sub-optimal scheme in the case of statistical feedback is also intuitive upon closer introspection of the structure of the two signaling schemes. Note 
